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Hollow Waveguide Directional Coupler 



The present invention relates to a hollow waveguide directional coupler having two hollow 
waveguide sections connected to each other by a plurality of coupling openings formed in 
a wall extending between the hollow waveguide sections. 

Such directional couplers are generally known. Directional couplers of this type having 
two coupling openings are described e.g. in Meinke-GundIach,Taschenbuch der 
Hochfrequenztechnik, 5. Auflage, Springer 1992, Chapter L7.4. Such directional couplers 
have good directivity for wavelengths in a range of four times the distance between the 
coupling openings, where Xg is the wavelength of the nominal centre frequency of the 
operating frequency range of the directional coupler. The directivity is based on the fact 
that the fields coupled at the two openings from the transit hollow waveguide section to the 
driven hollow waveguide section propagate in both directions in the driven hollow 
waveguide, and that the fields that propagate in the same direction as in the transit 
waveguide interfere constructively, whereas, in the opposite direction, they have a phase 
difference of Xy2 and thus cancel each other. 

Hollow waveguide directional couplers having a plurality of coupling openings are 
described e.g. in R. Levy "Analysis and Synthesis of Waveguide Mu It i -aperture 
Directional Couplers", IEEE Trans, on Microwave Theory and Tech., Vol. MTT-16, No. 
12, December 1968 and in H. Schmiedel et al. "Field Theory Design of Rectangular 
Waveguide Multiple-Slot Narrow- Wall Couplers", IEEE Trans, on Microwave Theory and 
Tech., Vol. MTT-34, No. 7, July 1986. 



The dimensions of these coupling openings and the wall sections between them are 
obviously proportional to the RF wavelengths with which they are to be used. Applications 
in the millimeter-wavelength range require dimensions of the coupling openings and the 
wall portions which are difRcult to manufacture with conventional manufacturing 
5 techniques such as edging and machining. In particular when strong couplings are required, 
a high number of coupling openings is necessary, because the cross section area of a single 
coupling opening is limited by the requirement that a wall portion separating it from an 
adjacent coupling opening must be strong enough to withstand the loads to which it is 
exposed during manufacture. 
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It is readily apparent that the effort for manufacturing such a directional coupler increases 
with the number of coupling openings that must be manufactured. The effort for the 
manufacture of the directional coupler does not only increase linearly with the number of 
required coupling openings or, what is more or less equivalent, with the length of the 
15 coupling section, but exponentially. The reason for this is the non-vanishing probability 
that during manufacture a wall portion becomes damaged and the complete directional 
coupler is thus spoiled. The higher the number of existing wall portions, the less is the 
probability that all of them will survive the manufacture undamaged. 

20 Accordingly, there is a need for a directional coupler, in particular for radio frequencies in 
the millimetre wavelength range, that can be manufactured with conventional methods and 
with a good yield. 



The object is achieved by a hollow waveguide directional coupler having the features of 
claim 1. 

By increasing the distance between adjacent coupling openings to an uneven multiple of 
XglA with respect to conventional directional couplers, the same phase relation between 
fields coupling from the transit waveguide section into the driven waveguide section and, 
thus, the same directivity is achieved as with a conventional Xy4-directional coupler. 
However, since the wall portions between two adjacent coupling openings can have a 
larger cross section area, they are more stable than conventional ones and less susceptible 
to damage. 

In order to keep the length of the directional coupler low, the distance of the coupling 
openings is preferably chosen as 3 Xg/4. 

The wall in which the coupling openings are formed may be a broad or a narrow side-wall 
of the coupling rectangular hollow waveguide sections. 

If the coupling is carried out by broad side-walls of the hollow waveguide sections, there is 
an advantage in that the complete directional coupler can be manufactured from two 
mirror-symmetric half-shells, each of which receives one half of the free cross section of 
the transit and driven hollow waveguide sections. The junctions at which the two half- 
shells meet correspond here to a node line of transversal currents induced in the walls of 
the hollow waveguide sections by a TEio wave, so that transition impedances between the 
two halves have no influence on the induced currents. 
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A coupling of the hollow waveguide portions by their narrow side-walls has the advantage 
that the channel that must be etched, machined or formed in any other appropriate manner 
has a depth which is rather small in relation to its width and can thus be formed in a rather 
5 short time. At the same time, the height of the wall sections between the two coupling 
openings is rather small, whereby their mechanical stability and manufacture yield is 
improved. 

According to the invention, the dimension of the coupling openings in the longitudinal 
10 direction of the hollow waveguide sections may be made greater than in a conventional 
directional coupler, preferably it can be set to X/S and, preferably, to a value of X/4 that 
cannot be realised with a conventional X/4-directional coupler. The increase in size of the 
coupling openings allows the number of coupling openings required for a given coupling 
efficiency to be reduced , whereby, again, the cost of manufacture is decreased. Since a 
15 strong coupling is easily achieved, the thickness of the wall between the coupling hollow 
waveguide portions may be chosen greater than in conventional directional couplers, 
whereby, again, the manufacturing process is simplified. 

In order to achieve as high a bandwidth of coupling as possible, the coupling openings 
20 should have a length which decreases fi*om the centre to the ends of the directional coupler. 
Further features and advantages of the invention will become apparent from the subsequent 
description of embodiments with reference to the appended figures in which 



Fig. 1 is a schematic representation of a directional coupler according to a first 
embodiment of the invention, in which the coupling openings are formed at a narrow side 
of two coupling hollow waveguide sections; and 

Fig. 2 is an exploded cross sectional view of the two half-shells of a directional coupler 
according to a second embodiment of the invention, wherein the coupling openings are 
formed in a broad side-wall of the hollow waveguide sections. 

Fig. 1 shows a perspective view of two rectangular hollow waveguides, here referred to as 
transit waveguide 1 and driven waveguide 2. There is no physical difference between the 
two hollow waveguides implied by the different terminology, one is the exact specular 
image of the other with respect to a plane extending between the two and defined by dash- 
dot lines y, z. 

Between two parallel sections 3, 4 of the two waveguides 1, 2, there extends a wall 5 
which forms a narrow side-wall of the two sections 3, 4. In the example shown, the wall 5 
is interrupted at three places by coupling openings 6, 7. The centres of two adjacent 
coupling openings 6, 7 have a distance of 3 XgM ^^^h other. The width of the central 
coupling opening 6 is approximately 7^/4, that of the two peripheral coupling openings 7 is 
V8. This implies a width of the wall portions 5a of wall 5 delimited by the coupling 
openings 6, 7 of 9/1 6Xg. 

The width of the opening 6, 7 may be greater than 7^/4. 
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Fig. 2 shows an exploded view of a directional coupler according to a second embodiment, 
in which the wall 5' with coupling openings 6' formed in it is a broad side-wall of the two 
coupling hollow waveguide sections 3', 4'. The distance of the coupling openings 6', T in 
the wall 5' from each other and the width in propagation direction of the same is described 
5 with respect to Fig. 1. The walls of the directional coupler are formed by two identical 
metallic or superficially metallized half-shells 8, 9, from which the upper one 9 is shown 
with one half of it cut away so as to show the interior of the lower half-shell 8. 

In the assembled directional coupler, the two half-shells 8, 9 touch each other at shaded 
10 edges 10. If the cross sections of the waveguides 1, 2 are dimensioned such that at the 
wavelength only the TEio wave can propagate, there is no current flowing perpendicular 
to the edges 10, so that the quality of the galvanic coupling between the two half-shells 8, 9 
is without relevance for the damping of the directional coupler. 
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